through a 0.45 μm syringe filter and purified by chromatography on a nickel-NTA affinity column. The His 6 tag was cleaved by overnight incubation with recombinant tobacco etch virus (r-TEV) protease followed by dialysis against imidazole-free buffer, and a second metal affinity chromatography step removed the cleaved His 6 tag. Eluted protein fractions were assayed for purity by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis on an Amersham Biosciences PHAST system using gradient 8−25% (GE Healthcare) and stained with Coomassie brilliant blue R-250 which showed a single band ~23 kDa. Following purification, the protein was dialyzed in 20 mM phosphate buffer, pH 8.0 and stored at −80 °C. Protein concentrations were determined by the bicinchoninic acid (BCA) assay, and a Perkin-Elmer Optima 2000 DV inductively coupled plasma optical emission spectroscopy (ICP-OES) was used to accurately determine selenium content in the SeM labeled HM Loop constructs.
Copper Reconstitution
Purified protein was reconstituted with cupric sulfate by slow addition of ~1 mol equiv Cu(II) per protein followed by exhaustive dialysis to remove unbound cupric ions. Protein concentrations were determined using the BCA assay and copper concentrations were determined using ICP-OES 2,3 . Cu(I) containing sample preparation is described in the next section.
Sample Preparation for Cu (I) XAS
Cu(I) containing samples were prepared under anaerobic conditions by 5-fold dilution with pH-adjusted anaerobic buffers (buffers contained equal volumes of 50 mM MES, HEPES, CHES, and formic acid adjusted to pH pH 8.0 and pH 3.5 with sodium hydroxide) to which 5 mM ascorbate had been added along with ~20% ethylene glycol 4 . Samples were transferred to XAS cuvettes via a syringe and flash-frozen in liquid nitrogen. Final concentrations of copper varied from 300 to 1200 μM, being careful not to exceed 3mM in selenium concentrations for the SeM labeled HM Loop samples.
Collection and Analysis of X-ray Absorption Data (XAS) Data
X-ray absorption data were collected at the Stanford Synchrotron Radiation Lightsource as previously reported 3, 4 . The extended X-ray absorption fine structure (EXAFS) and X-ray absorption near-edge structure (XANES) of Cu (8.9 keV) and Se (12.6 keV) were measured on beamline 9-3 and 7-3 using a Si 220 monochromator with crystal orientation φ = 90° and a Rhcoated mirror located upstream of the monochromator set to 13 keV (Cu) or 15 keV (Se) cutoff to reject harmonics. Samples were measured as frozen aqueous glasses in ~20% ethylene glycol at temperatures between 7 and 15 K, and the XAS was detected as Kα fluorescence using either a 100 element (beamline 9-3) or 30 element (beamline 7-3) Canberra Ge array detector. A Z-1 metal oxide filter (Ni, As) and Soller slit assembly were placed in front of the detector to attenuate the elastic scatter peak. Four to six scans of a buffer blank were measured at each absorption edge and subtracted from the raw data to produce a flat pre-edge and eliminate residual Ni/ As Kβ fluorescence of the metal oxide filter. Energy calibration was achieved by placing a Cu or Se metal foil between the second and third ionization chamber. Data reduction and background subtractions were performed using the program modules of EXAFSPAK.31. Data from each detector channel were inspected for dropouts and glitches before being included into the final average. Spectral simulation was carried out using the program EXCURVE 9.2 as previously described [5] [6] [7] [8] [9] [10] . Refinement of structural parameters included distances (R), coordination numbers (N), Debye−Waller factors (2σ2) and included simulations using a mixed-shell model consisting of imidazole from histidine residues and sulfur/selenium for methionine coordination. Table S3 . (Table S1 ) that are retained. All samples contained Cu(I) at 1:1 metal to protein ratio. Table S2 . Fits obtained for Cu(I) HM Loop (1:1) with and without SeM labeling at pH 8.0 and pH 3.5 for both the Cu and Se K-edges. a F is a least-squares fitting parameter defined as F 2 = (1/N)∑ N i=1 k 6 (data − model) 2 . b Coordination numbers are generally considered accurate to ±25%. c In any one fit, the statistical error in bond lengths is ± 0.005 Å. However, when errors due to imperfect background subtraction, phase shift calculations, and noise in the data are compounded, the actual error is closer to ±0.02 Å. M3 HM Loop at pH 3. 
Coordination numbers are generally considered accurate to ±25%. c In any one fit, the statistical error in bond lengths is ± 0.005 Å. However, when errors due to imperfect background subtraction, phase shift calculations, and noise in the data are compounded, the actual error is closer to ±0.02 Å. d Fits modeled histidine coordination by an imidazole ring, which included single and multiple scattering contributions from the second-shell (C2/C5) and third-shell (C3/N4) atoms, respectively. The Cu− N−Cx angles were as follows: Cu−N−C2, 126°; Cu−N−C3, −126°; Cu−N−N4, 163°; Cu−N−C5, −163°. e Samples were prepared at Cu to protein ratios of 1:1. Since there are 2 Met residues in the HM Loop sequence, such samples will have Se:Cu ratios of 2:1, with some of the Se-containing sites in the apo form. The values of the Se−Cu coordination numbers determined from EXAFS simulation at the Se edge have therefore been renormalized by multiplying the calculated Se:Cu shell occupancy by 2. This process renders the Cu−Se and Se−Cu coordination numbers determined from the Cu and the Se edges comparable.
